Mesangioproliferative glomerulonephritis was found in 28 of 1 13 pigtailed macaques (Macaca nemesfrina) that died in 1977. In five it was considered severe enough to cause significant renal dysfunction; in two of these it was the cause of death. The basic lesion was a proliferation of mesangial cells and deposition of mesangial matrix in the mesangial stalk, resulting in various degrees of stalk expansion and increased lobulation of the glomerular tuft. Preliminary immunofluorescence and ultrastructural studies suggest the pathogenesis of the lesion may involve deposition of antigen-IgM immune complexes in the mesangial region.
With the recognition of the role of immunological mechanisms in the pathogenesis of glomerular disease and the development of immunofluorescence and ultrastructural techniques to study those mechanisms, the diagnosis of glomerulonephritis is becoming more frequent, even in species once thought to be free of the disease [9] . The pigtailed macaque (Macaca nemesfrina) is an important primate in the research programs at the Regional Primate Research Center (RPRC) at the University of Washington. We have reported elsewhere in this Symposium [5] that glomerulonephritis is an important disease in this species. Because spontaneous glomerular disease could compromise the results of some studies and because the chronic catheterization used in many RPRC studies can induce immune-complex glomerulonephritis [7] , it was necessary to evaluate the extent and nature of spontaneous glomerular disease found in our captive pigtail macaques. This is a retrospective study of kidney sections from necropsies performed in 1977 at the RPRC on pigtail macaques that died of spontaneous disease.
Materials and Methods
The reports of all necropsies on pigtailed macaques in 1977 at the RPRC were reviewed. All animals under 1.5 years of age were excluded because a study of prematurity at the RPRC required the sacrifice of a large number of neonatal and infant animals. The inclusion of these would greatly bias the age distribution of the necropsy population. Also excluded were any animals with a history of invasive experimental procedures requiring the implantation of foreign materials.
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Complete gross examinations were done on all animals in this study. Kidney sections cut at 5 pm and stained with hematoxylin and eosin (HE) were reviewed. If indicated, periodic acidmethenamine silver stain (PAMS), Gomori's trichrome, and periodic acid-schiff stain (PAS) were done on paraffin sections cut at 4 pm, as described elsewhere [77] .
Kidney tissue from two animals was snap-frozen on dry ice soon after death. This tissue was stored at -7OoC, and frozen sections were stained for immunoglobulins and complement factors using immunofluorescence procedures as described [7] . Formalin-fixed wet tissues were processed by standard techniques for ultrastructural examination in a few cases.
Results
The review of the 1977 records identified 113 pigtailed macaques over 1.5 years of age with no history of invasive experimental procedures; 28 of them had glomerulonephritis. Clinical histories of all animals were reviewed, but because of the difficulties in collecting urine and blood from colony animals, laboratory data were inadequate in most cases. No obvious clinical differences were seen between most animals with glomerular lesions and those without.
A representative case of severe glomerulonephritis in which some clinical data were available is No. A77-87, a 10-year-old macaque imported in 1970. It had an uneventful medical history until September 1976, when it was found to have subcutaneous and scrota1 edema. It seemed to recover with antibiotic and steroid therapy but began losing weight in 1977. By June it had developed severe subcutaneous edema again, with hypoproteinemia, hypoalbuminemia and uremia. It was killed on July 1, 1977. Its blood chemistries, summarized in table I, show progressive increase in blood urea nitrogen to 181 mg/dl and creatinine to 7 mg/dl, with decreases in albumin to 1.7 g/dl and total protein to 5.3 g/dl. Necropsy showed multiple pulmonary abscesses with moderate pleural adhesions, in addition to severe chronic mesangioproliferative glomerulonephritis (summarized in table I).
In table I1 the 35 animals with glomerulonephritis are tabulated and divided into three groups based on severity of the glomerular lesions. The mean ages for each group were not significantly different.
Other renal lesions also are tabulated. In HE sections the glomerular lesions were diffuse (i.e., involving most of the glomeruli in the section), but the severity of the lesion varied between different glomeruli within a section. The grading of the overall severity was rather subjective, but in general a mild glomerular lesion consisted of a ' N D = not done. degeneration fibrosis fig. 2) . In the severely affected glomeruli the peripheral basement membranes were thickened and the PAMS stain showed that the thickening was due to deposition of multiple layers of silver-stained material parallel to the original basement membrane (fig. 3 ). Epimembranous spikes were not seen, but these glomeruli often were hypercellular. In two of the five cases of severe glomerulonephritis, renal disease was considered the cause of death.
While the primary lesion seemed to be in the glomeruli, tubular and interstitial changes also were present ( fig. 4) . Tubular eosinophilic PAS-positive protein casts were present in most sections. They were most prominent in the animals with the most severe glomerulonephritis. Interstitial lymphoid infiltrates and interstitial fibrosis also were more severe in the cases of severe glomerulonephritis than in the milder cases. In the former there often was atrophy and loss of tubules with marked dilation of tubular lumina. In general, frozen kidney tissue was not available. Fresh tissue from two animals, however, was frozen and processed for immunofluorescence studies [5] . The most intense staining was seen with anti-IgM reagents, predominantly as a granular fluorescence ( fig. 5 ) throughout the glomerular tuft. The intensity of this deposition was much greater than that seen in clinically normal macaques in which immune complex deposition was studied (61. Slight granular mesangial deposition of IgG was noted and one animal had slight deposits of IgA. The immunofluorescence technique for C3 produced marked background staining, which prevented evaluation of the glomeruli.
In this retrospective study, properly preserved tissues were not available for ultrastructural examination, but in a few of the better preserved cases, formalin-fixed wet tissues were processed and examined to help characterize the lesions seen at the light level. The mesangial matrix-like material consisted of fragmented irregular layers of osmiophilic material which blended into the basal lamina of the peripheral capillary loop. The capillary basal laminae were relatively normal except immediately adjacent to the altered mesangial regions where they were irregularly thickened. No dense deposits or significant fusion of foot processes were seen, but faintly electronlucent areas often were present within the areas of irregularly thickened basement membranes.
Discussion
Aside from a single case report of glomerulonephritis in a catheterized rhesus macaque (21, glomerulonephritis in Old World monkeys seems to be rare. One study [8] describes the deposition of immune complexes, particularly IgM, in 72% of longtailed macaques ( M . fuscicularis), in the absence of any functional abnormalities and with only minimal histologic evidence of glomerulonephritis. In contrast, 25% of our pigtailed macaques in 1977 had glomerulonephritis. In five of these (4.4%) it was considered severe enough to cause marked renal dysfunction. In two it was the cause of death.
A morphological diagnosis of mesangioproliferative glomerulonephritis was given to the lesion seen in these pigtailed macaques. We use the term "glomerulonephritis" in a broad sense to imply an apparent primary glomerular lesion, rather than restrict the use of that term to classical inflammatory lesions. The use of a term implying inflammation is appropriate in view of the importance of immunologically mediated inflammatory processes in the pathogenesis of many glomerular diseases and in recognizing that glomerular inflammation is manifested primarily by a proliferation of intrinsic cells rather than by leukocytic infiltration [ 101. The modifier "mesangioproliferative" is used to indicate that the typical lesion is exuberant proliferation of the mesangial cell and its matrix.
This report is designed primarily to characterize the glomerular lesions seen at the light microscopic level by reviewing past necropsy cases. The lesions seen and the preliminary immunofluorescence and ultrastructural studies, however, allow comparison to glomerular diseases of other animals and speculation on the pathogenesis of the lesion. In the cases where frozen tissue was available, immunofluorescence studies showed deposition of IgM in the mesangium, suggesting an immune-mediated mechanism for the mesangial lesion.
We do not know the identity and source of antigens that might induce immune complex-mediated lesions in our colony. Parasitism is common in our wild-born monkeys, extremely rare in colony-born animals, but both get glomerulonephritis. The colony has a high incidence of idiopathic enterocolitis [ 1 11 which theoretically could be associated with intermittent episodes of septicemia and antigenemia. Many monkeys (such as A77-87) had suppurative lesions in other organs.
While no dense deposits of immune complexes were shown ultrastructurally in our monkeys, it is known that the mesangium can clear itself rapidly of immune complexes under experimental conditions [3] ; in human IgM mesangial nephropathy, it also is difficult to show dense deposits ultrastructurally [ 
11.
A mesangioproliferative glomerulonephritis has been produced experimentally in rabbits using thyroglobulin as an antigen because of its relatively large size (sedi-mentation co-efficient of 19.25s). Immune complexes over 19s in size are known to localize primarily in the mesangium [4] , and use of this large antigen produces consistent mild mesangioproliferative lesions [3] . Thus, the deposition of large IgMcontaining immune complexes in the mesangium may be involved in the pathogenesis of the mesangioproliferative glomerulonephritis in our pigtailed macaques. The primate disease resembles human mesangial IgM nephropathy in many respects [I].
The experimental mesangiopathic glomerulonephritis rarely produced altered renal function [3] , which may explain the lack of antemortem diagnosis and clinical documentation of renal disease. Only our most severe cases were associated with dysfunction.
